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Overlay Alignment Mark 

The iavention relates to overlay metrqlogy duiing semiconductor device 
5 febrication, and in particular to an overlay aligranent mark to facilitate 
alignment and/ or measure the aUgnmsnt error of two layers on a 
semiconductor wafer structure, or different exposures cm the same layer* 
during its fabrication. 

10 Modem semiconductor devices, such as mtograted circuits, are typically 
fabricated from wafers of semiconductor material- In particxilar, a wafer is 
febricated comprisitig a succession of patterned layers of semiconductor 
material, 

15 Overlay metrology in semicanductor device fabricatiott is used to determine 
how well one printed layer is overlaid on a previoiisly printed layer. Close 
alignment of each layer at all points within the device crucial for reaching 
the design goals and hence the required quality and performance of the 
manu&ctuied device. It is consequently of importance for the efficiency of 

20 the manufacturing process that the any alignment error between two patterned 
layers on a wafer, especially successive patterned layers can be measured 
. quickly and accurately. It is similarly important to be able to measure any 
alignment error between successive exposures in the same layer> and where 
reference is made herein for convenience, to two layers it will be understood 

25 where appropriate to apply equally to two ejqyosures in the same layer. 

Misregistration between layers is referred to as overlay error. Overlay 
metrology tools are used to measure the overlay error. This information may 
be fed into a closed loop system to correct the overlay em>r. 
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Current overlay metrology employs optically readable target patterns^ printed 
onto the successive layers of a semiconductor wafer during &brication. The 
relative displacement of two successive layers is measured by imaging the 
patterns at high magni£LcatioD, digitizmg the images, and processing the image . 

V 

5 data using various known image analysis algorithms to quantify the alignment. 

The pattern of the target mark may be applied to the wafer by any suitable 
method. In particular, it is often prefeired that the mark is printed onto the 
wafer layers using photolithographic methods. Typically^ this or some other 

10 suitable technique is used to apply overlay target marks on each of two wafer 
layers to be tested to enable alignment information to be measured which is 
representative of the alignment of the layers* Accuracy of layer alignment 
should correspond to accuracy of circuit pattern alignment within liie 
fabricated wafer. 

15 • 

Curtent overlay metrology is normally practised by printing targets with 
rectangular or other symmetry. For each measurement two targets are printed, 
ozie in the current layer and one in a previous ia3^r, or one in association with 
each pattern in a common layer. The choice of which previous layer to use is 

20 detctmincd by process tolerances. The two targets have a nominally common 
centre^ but are printed with different sizes so that they can be dl£Eerentiated 
Nomzally, but not always, the target printed in the current layer is the smaller 
of the two targets. An overlay measmrement in such a system is the actual 
measured displacement of the centres of the two targets. 

25 

Current preferred practice is that the size of the targets is designed such fliat 
both can. be imaged simultan&ousiy by a biight-fleld microscope. Thc^ 
resolution limit of such a microscope determines fliat the larger of the two 
targets is typically a 2S|im squ^are on the outside. This arrangement permits 
30 capture of all of the necessary data fOT the performance of ttie measinement 



from a single imagB, and allows overiay measurement tools to make 
m^surements at a rate of one in every two seconds or less. 



Sudh systems are widely and effectively used However a problem is 
introduoed by the size of the targets, which can make up a significant fraction 
of the space available in the scribe area gurroimding the devices , being 
fabricated Any automated system used in a production environment must use 
pattem recognition in order to locate the targets for measurement. Space 
limitations in the scribe area mean that many similar targets will be printed in 
close proximity, allowing the possibility that Ihe wrong target will be located 
and measured. Moreover many of the newer measurement atroctares do not 
provide an easy pattem recognition target as fiierc is no isolated weU-ieaolved 
image in resist However the si^e of the target cannafc be reduced too much, 
since accurate measurement requires that the measured features are not 
significantly smaUer than the resolution of the microscope system, and 
achieving good precision requires that as many as possible of such features are 
visible in the image. 

It is an object of the invcnti<m to provide an overlay mark mitigating some or 
all of these advantages, in particular a mark mcorporating modifications to 
existing marie designs to increase accuracy of mark identification without 
detracting significantly from subsequent aocuiacy of oveday error 
measurement. 

Lq acooidance with the present invention in a fust aspect a recognition key is 
provided for use.m association witii an overlay mark for determining the 
relative position between two or more layers of a semiconductor structure or 
between two or more separately generated patterns on a single layer of a 
semiconductor stmcture. Such as a mark^ as will be familiar, comprises a first 
mark portion associated with a first layer or pattem as the case may be and a 
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seccmd mark portion associated with a second layer or pattern as the case may 
be such that optical imaging of the alignment between the first and second 
mark portions is indicative of alignment tiierebetween. In accordance widi the 
invention an identification portion for use with , such a first mark pojrtion 
5 . comprises a simple opti<^ly readable mark divided into a small number of 
pattern areas in each of which areas a marking may be present or absent^ the 
pattern of such markings pravidbig a unique identification so as to serve 
to identic the first mark portiom 

10 The first mark portion serves as the primary overlay alignment mark. Hie 
second mark portion as a reference mark. Alignment iand reference marks each 
including a suitable pattern of overlay test structures of any suitable design 
which will be famiiiar to the skilled person are then compared and imaged in 
familiar manner. An identification portion in acccxrdance with the invention is 
IS associated with the alignment tnatk and gives a simple digital identificatioss. of 
the alignment mark, ensuring the correct mark is selected. The identifioatian 
portion thus acts as a pattern recognitioii key. 

A similar identification portion may be associated with other alignment marks 
20 on a wafer, whereby the invention comprises an oveday mark system for the 
whole wafer ensuring the correct marks are selected at all times. The 
probability of locating the wrong overlay mark can be reduced by varying the 
pattern in adjacent marks, increasing the distance to a potentially confusing 
pattern recognition key- 

25 

In accordance with the invention in a further aspect, an overlay mark system 
for deteiijaining the rslativs position between two or mors layers of a 
semiconductor stracture or between twcf or more separately generated patterns 
on a single layer of a semiconductor structure comprises a first mark portion, a 
30 second mark poition, and an identification portion as above defined. In 




5 

particailar, the identification portion is laid down, with the first mark portion, 
for example at the same tone and for example oh the same layer. The 
ideniifioation portion is conveniently locsated proxamal to the first raaifc 
portion, for example coinprising a part thereof. ^ 

5 

The recognitiori key comprises a simple pattern exliibiting a small number of 
discrete alternative shapes to give a d%ital identifier. The pattem is ad^ted to 
be optically readable by standard imaging equipment at the same time as the 
primary alignment mark is Im^ed, requiring no major equipment 

10 modification and only minimal rhodification to image analysis. The 
recognition key is preferably kid down by the same process as the prim^ 
mark, for example employing photolithographio techniques. However, the 
pattern rnaking up the lecognitiQn key is designed to be cypticaliy imaged for 
recognition pmposes only^ and not fbr determination of alignment dif&rences* 

15 The structure can accordingly be made &om structural elementCs) which 
optimise this aspect^ and might therefore be substantially larger than the 
structures making up the primary alignment marie. 

The recognition key pattern ccmiprises a small number of pattern areas^ for 
20 example between four and eight, in each of which areas a marldng may he 
present or absent, the pattern of such markings thus providing the unique 
identification. In particular, in each pattem area a marking is either 
substairtially entirely present or substantially entirely absent. The arrangemmt 
of which pattem are present and which are absent gives flie unique key. 
25 For example, for simplicity it nii^t be preferable if a mark is absent ma- 
single pattem area. 

Preferably, the recognition key pattem has a generaUy square or rectangular 
outline, to correspond with the generally square or rectangular gymmetty of 
30 the primary made In particular, the horizofntal and vertical directions of such 
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a square or rectangular outline correspond to the horizontal and vertical 
directions of a similarly square or rectangular overlay mark, and in use with 
the X and y directions of syrnmetry in the optical imaging apparatus. As a 
consequence of this geometry, each pattern area is similarly preferably square 
S or rectangular. The recognition key pattern dien preferably comprises a linear 
or two-dimensional anay of such pattsm areas, for example consisting of 
between one and four such areas in each of a row and column direction, 
corresponding in use ito the x and y directions in the optical imaging apparatus. 

10 Each pattern area preferably has dimensions of between 1 and 4 pm, and 
particularly preferably comprises a 1 iim square. All pattern areas making up 
the iscognition key pattern are preferably identicdly s 

In particular^ the key pattern coxnpriscs a square or rectangular area sub- 
15 divided into a two dimensional array of square or lectangular pattern areas. . 

This gives a highly readable identification mark, maintaining the square or 
^ rectangular symmetry of many of the alignm^it marks with which it is 

intended to be used, and accordingly easily readable by the imagining 

equipment Suitable overall pattern dimensions are &om 2 to 8 |xm, allowing 
20 pattern area dimensions of 1 to 2 jim for ease of imaging. In particular pattern 

areas are 1 to 2 ^m squ^s. 



In a i>articular embodiment the recognition key pattern comprises a square 
divided into Ibur equal sub-square pattern areas ^ above described. Each sub- 
25 square pattern area is eiiher prreaent or absent in the recognition key patten. 
Mostly preferably, the recognition key pattern comprises a generally L-sbaped 
iriarkg wherein Qicfc arc foof such sub-squar« paitK^m areas in one of which a 
mark absents The mark provides four distinct patterns (dependent upon the 



iie L-shape) which are easily readable and distinguished. This 
is sufficient for many puiposes. 

It is well known that cqptimal petfbnnance depends on measuremeot hdng 
5 centred on the optic axis of the unaging device. Overlay marks are uauaDy 
symtaetric about this centre, wife the overlay ener bdng fee m^sured 
displacement of the centres. Conveniently^ to avoid introdudng asymmefay 
the recognition key may be located at the centre. Alternatively, a plurality of 
recognition keys are provided away fix»m the centre in locations maintaining 
10 therotationalsyxnmetry of the overlay mark. 

lo s further aspect of the invention, a metfiod of facilitating idfflitification of 
aligmnCTt overlay mark in an overlay mark systesa for determiffliflg the nek^ve 
position between two or mcae layers of a semiconductor structure or between 
15 two qr more separately generated patterns on a single layer of semiconductor 
structure comprises the Stsps of: 

laying down of an alignment mark portion associated with a first layer or 
pattern as ^e case may be; and additionally 

laying down in assooiadon with the said mark portion an identifioation portion 
20 comprising a simple optically readable mark divided mto a small number of 
pattern areas in each of which areas a marking may be present or absent, the 
pattern of such maifcingB providing a unique identification key so as to serve 
to identity the alignment mark porticm. 

23 

The alignment overlay mark is of any suitable design such as will be well 
known in the art, adapted to be used with a second reference marie portion 
associated with a second layer or pattcm as the case may be such as optical 
imagining of the alignment between &e iirat and second marked portions is 
30 indicative of alignment there between. The identification portion comprises a 
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recognition key as above described- This is preferably laid down 
simultaneously v/ith the alignment overlay mark using the same ^brication 
method, for example by photolithography, as will be familiar to those skilled 
in the art* . 
5 • 

In a further aspect of tho ittvention^ a tiiethod of determining fiie relative 
position between two or more lays of a aemiconduotor stnicture or between, 
two or moro separately generated patterns on a single layer of a seauconductor 
structure comprises the steps of: 
10 laying down a first alignment mark portion in association with a first layer or 
pattern as the case may be; 
- laying down a second reference mark portion in association with a second 
layer or pattern as the case may be; 

laying down in association with the said alignment mark portion, preferably 
15 simultaneously therewith, an id^atatificatioa portion conqyrising a simple 
optically readable mark a simple optically readable mark divided into a smiaTI 
number of pattern areas in each of which areas a marking may be present or 
abisent; 

optically imaging the identification portion, collecting and digitizing the image 
20 and numerically analysing to obtain information relating the pattern of such 
markings so as to identify the first mark portion; 

optically imaging the first and second mark portions, collecting and digiti^ng 
the image and numerically analysing the image data to obtain a quantified 
measurement of the misalignmyent of the first and second mark portions. 

25 

Each mark poiti9n is preferably laid down by a photolUhographic process. 

Opticsil imaging of mark is preferably earned out using bright field 
microscopy. Other prefeixed features of the methods will be understood by 
analogy with the foregoing. 

30 



" iS^SSS^m^ow be by way of example only with lefeience to 

figure 1 of the accompanying drawings, which is a plan view of a preferred 
erobodimeDt of identification recognition key in accordance wi& the 
invention. >■ 

5 

Figuis la shows a basic recognition key in accordance wife the mvcntion m 
top plan view. Increasmgjy, new measurement stmctuTes do not provide an 
easy pattern njcognition target as there is no isolated well-iesolved ima^ in 
the resist. The key comprises a specific mark printed in the resist layer. The 
10 mark consists of a 2 jmi square mark area subdivided into a two by two array 
of 1 Jim square pattern areas. Three of these aie covered by the made material 
and one absent. The effijct is to produce a key comprising a 2 pan squat© from 
which one comer is omitted, giving a gsnsral L-shape, 

15 Any comer may be omitted, allowing four unique pattern recognition targets 
to be created as illustrated in figure lb. The simplicity of the design mOssa 
this easy to image, and easy to distingiiish between the four targets, so that the 

key provides a dear digital identifier of a given overlay mark with which it is 
associatssd, and greatly assists in ansuring the correct overlay mark is imaged 
20 Overlay targets can be positioned nearby but wiU be safe fiom pattern 
recognition error if the keys are difBsrent The piobabiHty of locating the 
wrong target can be reduced by varying the omitted comer in adjacent targets, 
increasing the distonoe to a potentially confesing pattern recognition key. 



25 
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Figure la 



Figure lb 
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